Objective: Cardiac amyloidosis (CA) is as an infiltrative disorder primarily caused by extracellular tissue deposition of amyloid fibrils in the myocardial interstitium. The current study was designed to test whether alterations in ascending aortic elastic properties could be detected by echocardiography in CA patients, and to compare their results to controls.
| I N TR ODU C TI ON
Cardiac amyloidosis (CA) has been defined as an infiltrative disorder primarily caused by extracellular tissue deposition of amyloid fibrils in the myocardial interstitium. There are many types of CA depending on the precursors that may affect the heart. 1,2 Some forms of hereditary transthyretin-related (TTR) amyloidosis affect the heart almost invariably, whereas cardiac involvement in light chain amyloidosis (AL) is present in about 50% of the cases. 1, 2 Amyloid involvement of the aorta is exceedingly rare. 3 Theoretically, the aortic wall could be subclinically infiltrated in CA leading to its stiffening and, consequentially, affecting left ventricular (LV) function due to altered Windkessel function and arterial-ventricular coupling. 4 Moreover, increased arterial stiffness have been proposed as one of the potential pathways through which associated disorders could lead to further cardiovascular abnormalities.
This study was designed to test whether alterations in ascending aortic elastic properties could be detected by echocardiography in CA patients, and to compare their results to age-, gender-, and risk factormatched controls.
| P A TI EN TS A N D M ETH OD S

| Patient population
The present study included 19 CA patients in whom CA proved to be AL amyloidosis in 17 cases and transthyretin (TTR) amyloidosis in 2 cases. All CA patients were alive and have been involved into this study at our tertiary center. Biopsy was performed in all cases to confirm the diagnosis of CA. The first positive biopsy site was the myocardium in 2 and salivary gland in 1 case (there were 2 confirmation sites in 3 patients). Routine echocardiographic examination was performed in all cases, including measurement of wall thickness, and CA was defined in accordance with the current consensus criteria and practices. 5, 6 Results from CA patients were compared to those of 20 age-, gender-, and risk factor-matched controls. None of the CA patients or control subjects consumed coffee or tea within 1 hour before combined echocardio- 
| Two-dimensional echocardiography
Complete two-dimensional (2D) transthoracic Doppler echocardiography was performed in all cases using a Toshiba Artida echocardiography equipment (Toshiba, Tokyo, Japan) with a PST-30SBP (1) (2) (3) (4) (5) phased array transducer in the left lateral decubitus position from multiple windows. All echocardiographic studies were digitally stored and evaluated by a single expert (AN) who was blinded to the clinical data.
All echocardiographic measurements were averaged from 3 beats.
Modified Simpson's method was used for LV quantifications. The following aortic elasticity parameters have been calculated:
"ln" is the natural logarithm
| Statistical analysis
All data are presented as mean 6 standard deviation. A value of P < .05 was considered to be statistically significant. 
| RE S U L TS
| Clinical characteristics
Blood urea nitrogen and creatinine levels were 10.7 6 9.4 mmol/L (3.1-43.9) and 119.1 6 107 mmol/L (44-533), respectively, in CA patients, demonstrating 3 cases with mild-moderate and 2 cases with severe renal insufficiency. Clinical data, cardiovascular risk factors, and medications of CA patients and controls are presented in Table 1 . Although none of the classic cardiovascular risk factors differed significantly between the groups, control subjects showed higher body mass index (BMI) and SBP
and DBP values at the time of echocardiographic examinations.
| 2D echocardiographic data
Standard 2D echocardiographic data are summarized in Table 2 . No wall motion abnormalities were found in any CA patients or healthy (Table 2 ).
| Echocardiographic aortic elastic properties
Significantly reduced aortic strain and pulsatile change in aortic diameter and increased aortic stiffness index could be demonstrated in CA patients as compared to matched controls ( 
| D ISC USSION
CA is caused by extracellular deposition of abnormal amyloid fibrils within the heart with infiltration occurring in all anatomical structures. 10 To the best of the authors' knowledge, this is the first echocardiographic demonstration of alterations in aortic elastic properties in CA patients. Most of our CA cases showed AL amyloidosis, where AL fibrils are derived from monoclonal immunoglobulin light chains with typical multi-organ infiltration. 11 In spite of the progress made over the past decades in therapy, AL cardiomyopathy remains associated with poor survival. 10 There are several cardiac complications of myocardial amyloid fibril deposition, the most important being severe congestive heart failure, atrial fibrillation, ventricular arrhythmias, conduction abnormalities, orthostatic hypotensive episodes, and autonomic dysfunction. 2 In 2 cases, TTR amyloidosis was found, where typical cardiac manifestations are arrhythmias, syncope or sudden cardiac death, dyspnoea, and heart failure due to restrictive cardiomyopathy. 6 The main finding of the present study was increased ASI and reduced AS and pulsatile change in aortic diameter in CA patients as compared to controls. The main cardiovascular risk factors (age, male gender, DM, hypertension, and hypercholesterolaemia) were similar between the groups. Although actual BP values at echocardiographic measurements were higher in controls, aortic elastic properties appeared significantly impaired in CA patients. Age and BMI were found to be predictors of increased aortic stiffness in a recent study, 12 but BMI was higher in our controls than in our patients with CA.
Several factors could play a role in increased aortic stiffness in CA.
Regarding the literature, amyloid involvement of the aorta is exceedingly rare. 3 However, theoretically together with myocardial tissue, aortic wall could be infiltrated latently by amyloid fibrils leading to endothelial dysfunction and impairment of its Windkessel function. Most CA patients had one or more classic cardiovascular risk factors (higher age, male gender, hypertension, DM, or hypercholesterolaemia) which could also have an effect on arterial stiffness. 13 Moreover, ventricular-arterial coupling and systolic and diastolic LV dysfunction should also be considered when interpreting these findings. 14 CA patients had significantly higher aortic stiffness in higher NYHA functional classes, suggesting an important role of aortic stiffness in the development of heart failure in these cases. The clinical importance of the present study is to draw attention on increased aortic stiffness and associated reduced functional capacity in CA patients.
However, further clinical studies are warranted to assess the effects of improvement of vascular elasticity in these cases. Theoretically, all medical treatments confirmed to improve vascular function and/or heart failure should be considered in CA patients. Our CA patients were treated well with b-blockers and ACE-inhibitors, which are known to have positive effects on arterial stiffness over heart failure.
15,16
| L I M I TA TI ONS OF THE S TU D Y
The main limitations of this study are:
A mixed population of CA patients was examined including both TTR and AL cases.
BP measured in the brachial artery may be different from that in the ascending aorta (central pressure) due to pulse pressure (PP) amplification toward the periphery. PP amplification depends on the pulse wave propagation velocity, which itself is positively but nonlinearly related to BP. Moreover, gender, age, and body composition have a significant impact on PP amplification. 17 However, echocardiography-derived aortic stiffness data correlate well with those obtained by invasive methods. 8 Controls had higher BP values and PP than CA patients, suggesting better controlled BP in CA patients. This could strengthen our findings since although BP and PP were higher in controls, aortic stiffness was greater in CA patients.
Measurement of aortic diameter data in systole and diastole was performed only in one plane. However, it should be considered that large vessels exhibit nonlinear variations of circumferential stress and tangent elastic moduli even within the normal pressure range. 18 Therefore, aortic elastic properties could theoretically be dissimilar at different segments of the aorta.
| CON CL U S I ON
Results of the present study suggest increased aortic stiffness in CA patients than in age-, gender-, and risk factor-matched controls.
CONFLICT OF INTEREST
None declared.
ORCID
Attila Nemes MD, PhD, FESC http://orcid.org/0000-0002-7570-
